described here; some references focused on peroxide safety are found within individual sections of this document. Readers noting the omission of a favorite review our source are encouraged to send suggestions to the e-mail listed on the first page.
Swern's three-volume series on organic peroxides, although dated, remains an excellent resource. 1 encyclopedia includes an informative chapter on organic peroxides. 4 Several references are provided related to peroxide reactivity and the hazardous materials literature.
5, 6
Suppliers of organic peroxides offer very useful information, much of it safety-related, on their web sites. 7,8,9,10 The Organic Peroxide Producers Safety Division, a plastics-related trade organization that includes the suppliers described above, also maintains a web site offering a number of useful links and documents. 
Major Classes of Peroxides.
Some common peroxide classes are illustrated in Figure 1 , along with some general information (often representing typical ranges within the class) about typical self-accelerating decomposition temperatures (SADT) 12 and idea of thermal stability. 13,, 14, 15 Web-published guides from major vendors, while limited to commercially available material, can be useful in assessing thermal stability by and within class. general observation is that peroxide decompositions are often highly exothermic and proceed with a low activation barrier. As a result, experimenters must always be aware of the potential for self-accelerating and exothermic processes. Peroxides have been described as presenting greater handling risk than commercial explosives. 16 A review describing hazards of commercially available peroxides and peroxide-containing compositions towards detonation, deflagration, or fire is dated but still informative. 
4. Determination of reactivity and minimization of hazard. 11, 15, 17, 18 Steps to take before an experiment (or before scaling up): Distance/Protection: An explosion at the end of a clamp, or better yet, behind a shield, is better than one in the hand.
Avoid provoking decomposition reactions:
• If you must heat peroxides and do not have experience or literature evidence for thermal stability, conduct an initial calorimetric survey (see above) and/or take extra safety precautions (distance, shield).
•Be very careful about storing, transporting, or heating relatively reactive peroxides (peracids, hydroperoxides, 1,1-dihydroperoxides, peresters) in the presence of oxidizable solvents or materials (wood, paper).
• •A number of peroxides can decompose violently in the presence of strong acids. 29 •Fe(II) salts react with even hindered peroxides to generate reactive radicals. In the case of strained peroxides, even traces of ferrous iron can lead to exothermic decomposition. 30 •Hydrogen peroxide or low molecular weight hydroperoxides (e.g., tBuOOH) should be washed out of reaction mixtures prior to concentration.
H 2 O 2 will generally wash out with water. Small molecular weight hydroperoxides (pKa ~ 12) can be washed out with very strong base (e.g. 4N NaOH).
A final rinse with sulfite or bisulfite will remove most remaining hydroperoxides but will not attack dialkyl peroxides and will rarely attack ozonides.
The removal of hydrogen peroxide or hydroperoxides can be monitored using peroxide indicator strips or the redox-active indicator (both discussed below).
• Reduction of dialkyl peroxides and related species (e.g., bisperoxyacetals) will require stronger reducing agents such as triphenyl phosphine or Zn/HOAc.
31
•Procedures for decomposition of ozonides are summarized in a recent review. 32 Monitoring reactions:
Overview: An older but still useful monograph contains many useful methods for analysis and titration/quantification of organic peroxides; 33 a more truncated set of information can be found in the Methoden review. solution without a If you must work with crystalline peroxides, test a small amount for shock sensitivity as follows. Using a plastic or glass spatula, carefully place 10-15 mg on some weighing paper, place the folded paper on a concrete surface, and then tap it with a hammer.
In our experience, an obvious reaction (pop, or flame) is sign of a highly shock-sensitive peroxide. Do not subject crystalline peroxides to friction (spatula, screw top of a vial) or expose to any metal implements (use a porcelain or Teflon spatula). Avoid mixtures of low molecular ketones, acids, and hydrogen peroxide, which can readily produce crystalline 1,2,4,5-tetraoxanes, 1,2,4,5,7,8-hexaoxanonanes, and polymeric peroxides. Hydrogen peroxide should never be used in ketone solvents or stored in the presence of aliphatic ketones or almost any aldehydes. 36, 37, 38 5. Toxicity. 
Peroxidizable substrates (auto-oxidation).
The spontaneous generation of peroxides from oxidation of organics under air, often described as auto-oxidation, is a significant, but easily preventable, hazard. The usual ratelimiting step, abstraction of a hydrogen atom by a peroxyl radical, is most favorable for substrates where the derived carbon radical is allylic or benzylic (cumene, ethyl benzene) or else substituted by a neighboring ether oxygen or amide nitrogen (e.g., THF, ether). The following references identify common materials susceptible to peroxide formation. 18, 35, 45, 46 Even if autoxidation does occur, the resulting solutions are rarely dangerous to handle unless the peroxides precipitate as crystals (common for diisopropyl ether) or when the solutions are concentrated. The latter is a common problem for aged solutions of THF or ether; evaporation or distillation concentrates the higher boiling hydroperoxide to levels where violent explosions occur without warning.
In an incident from my own department, an attempt to distill approximately four liters of aged tetrahydrofuran (THF) under air and in the absence of any effective reducing agent resulted in an explosion that was so violent that some portion of the apparatus was ejected through the hood sash, injuring the experimenter. 
